heavy rainfall occurred in Fitzroy and Issac sub-basins which caused major flooding in Fitzroy river. Similarly in 1954, the Fitzroy river observed major flooding due to heavy rainfall in the Nogoa sub-basin. So, high flow from upstream and downstream rivers which passes through the Fitzroy river is the main reason of the severe flooding in the Fitzroy river in the Rockhampton area.
The analysis of the hydrological records show that none of the previous single flood event occurred simultaneously in all sub-catchments with peak flows. But there is a possibility that the flood peaks of different tributaries would synchronize. Australia is significantly vulnerable to climate change expected over the next 100 years [5] . Extreme weather events like flood will be more extreme or and more frequent owing to climate change [6] . Therefore there is a possibility when extreme runoff may discharge from all of these sub-catchments at the same time due to the greater uncertainty and propensity towards extreme climate change, making the Fitzroy floods catastrophic. It would be unwise to ignore and be unprepared for such an extreme event.
Numerical hydrological and hydraulic (hydrodynamic) models have been used now a days for the flood studies [7] . The hydrologic model calculates the runoff generated from rainfall occurred in the area along with other parameters using historical rainfall and evaporation time series data. The output of hydrological model is used as input of hydraulic model. The most important tool for the assessment of flood flow of the river is hydraulic modelling [8]- [9] . It is important to use a reliable hydraulic flood model which provides an accurate estimation of flood hazards [10] - [11] .
The main objective of this study was to analyze the extreme catastrophic flood event from the extreme runoff for all sub-catchments. We choose the integrated hydrologic and hydraulic modelling package MIKE 11 because of its flexibility, speed, accuracy and popularity for the flood studies [12] . A short description of the study area is presented in the next section, followed by the genesis of previous extreme floods in the Fitzroy Basin. The description of the data sets and model, performance of the model are provided in the section "Data and Model". The model results and discussions are presented in the last section.
II. STUDY AREA
The Fitzroy basin (Fig. 1) is located in the east part of Queensland, Australia and it is the second largest catchment that drains to the coast in Australia. The Fitzroy river catchment covers an area of 144,000 km 2 [4] . Land, water resources, agriculture, coal and mining industries and marine tourism make this catchment an important location in Australia [4] . The total population of this Basin is about 200,000 people and major towns are Rockhampton and Emerald. The Fitzroy Basin consists of six sub-catchments and each sub-catchment has one major river. The sub-catchment area and percentage of total catchment is presented in Table I 
III. GENESIS OF PAST HISTORICAL FLOODS
The Fitzroy River has a long history of flooding. These past floods originated from different sub-catchments following heavy rain depressions associated with cyclonic influences on the catchment area. Generally floods occurred between the months January to March. Due to the large size of the catchment, flooding does not occur at once with cyclonic influences; rather it takes some time to generate. Fitzroy river flood history is presented in the Table II . Table  II shows that major floods resulted either from the Fitzroy or Issac or Nogoa river and the supplementary floods come from Dawson river. Each of the major river systems has had major floods in the past. The table also presents that around 8-11 days are required to get peak flood in Fitzroy river after occurring maximum rainfall in other sub-basins. th February at the Rockhampton flood gauge. The third largest flood event in 1991 happened in Rockhampton due to the tropical cyclone "Joy" associated with a heavy rainfall in the Fitzroy sub-basin. High volume of rainfall (650mm) was observed in this sub-basin during 28-31 December 1990. Besides, 528.6mm rainfall was recorded over a period from 27 to 31 December 1990 in the Isaac sub-basin. Other minor rainfall was observed in the Dawson sub -basin. All of the rainfall made a flood peak of 9.30m (7.852m AHD) on 12
th January 1991 at the Rockhampton flood gauge.
The most recent and fourth highest flood event happened in 2011. The main contributing sub-basins for this flood were the Fitzroy and Isaac. The total January rainfall was 523mm, 543mm, 441.6mm and 386.4 mm in the Fitzroy, Issac, Comet and Nogoa sub-basin respectively. The 4 day (25-28 January) rainfall was 281.8 mm in the Fitzroy sub-basins.
IV. DATA AND MODEL

A. Data
Data are prerequisite for reliable model setup and model results and to have an understanding of the existing physical processes. Several types of data were used for hydrological and hydraulic modelling purposes. Topographic data were used for the study area map preparation and hydraulic model set up. The topographic data consists of several data layers including waterbodies, road transport, rail transport, localities and built up area. Historical time series rainfall and evaporation data were used for the hydrological rainfall runoff model set up. Historical time series stream flow and stream water level data were used for the hydraulic model set up, calibration and validation. Besides, the river cross section data were used for hydraulic model set up.
B. Model Description
A brief description of the MIKE 11 modelling system has been presented in this section because a certain level of familiarity is important to understand the described modelling work. The following two modules of MIKE 11 have been used for this study.
 MIKE 11 NAM (Rainfall Runoff Module)  MIKE 11 Hydrodynamic (HD) MIKE 11 NAM is a rainfall-runoff module of MIKE 11 river modelling system. It is a lumped conceptual hydrological model that simulates the rainfall-runoff processes occurring in a single sub-basin or several sub-basins in a river Basin. It can be applied independently or used to represent one or more contributing sub-basins that generate lateral inflows to a river network.
MIKE 11 HD is a comprehensive one dimensional river modelling package developed by the Danish Hydraulic Institute in 1987 [13] . This modelling system has been used in numerous engineering studies around the world [14] for unsteady flow. Modelling of unsteady flow is based on three fundamental elements, i.e. a differential relationship expressing the physical laws, a finite difference scheme producing a system of algebraic equations, an algorithm to solve these equations. The governing equation of this model solves the vertically integrated equations of conservation of [15] .
where C=Chezy"s resistance coefficient, R= hydraulic or resistance radius, Q= discharge, A= flow area, q= lateral flow, h= water level above datum, = momentum distribution coefficient
The solution of the Saint Venant equation is based on the implicit finite difference scheme developed by Abbott and Ionescu [16] . The transformations of governing equations into a set of implicit finite difference equations is performed in a computational grid consisting of alternating points of the discharge (Q) and water level (h) and are computed at each time step.
C. Model Setup, Calibration and Validation
The main objective of this study was to identify the extreme flood event of Fitzroy river. The extreme flood event has been defined in a way when all the sub-basins will produce the historical severe rainfall at a time. Before simulation of such a scenario, an integrated hydrological and hydraulic model was calibrated and validated for historical flood events using MIKE 11 NAM and MIKE 11 HD module. The computation time step was used as1 hour.
Model calibration is very important as it provides not only the realistic representation of the physical system but also the reliability and confidence on model results. To represent the current floodplain condition, the model was calibrated for the last two most significant extreme flood events 2011 and 1991. The calibrated model was validated for the 1988 flood event. Due to missing records the model was not validated for the 1918 and 1954 flood event. After the successful calibration and validation of MIKE 11 NAM model, it was connected to the MIKE 11 HD model. The lateral contributions from the sub-basins were calculated by the NAM model using mean areal rainfall and propagation of flood runoff along the reach was calculated by the HD model. All upstream and downstream ends of unconnected part are known as model boundaries. In this study, four upstream and one downstream unconnected part are defined by the time series of discharge and water level respectively.
D. Model Performance
The performance of the model was evaluated using Nash-Sutcliffe coeffient (E NS) [17] and index of agreement (d) [18] indices as represented by the Equation (3) and (4).
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